T-tubules and L-type Ca channels [1] should reduce the issue.
myocytes isolated from failing hearts and that these that while there was no change in Ca current density in changes are heterogeneous within and among failing cells.
failing myocytes the total number of sarcolemmal Ca Defects of this type would have a negative impact on EC channels (as measured by charge movement) was sigcoupling and should make Ca release heterogeneous within nificantly reduced. This suggests that the Ca channels in and among failing myocytes. A related study by Gomez et these failing myocytes were more likely to open with al. [9] suggests that the defective ECC of failing rat depolarization than those from normal myocytes. Single ventricular myocytes is caused by changes in the structure channel measurements of L-type Ca channels in failing (widening) of the T-tubular SR junction. This may be a human myocytes by Schroder et al. [19] are consistent with related or earlier version of the T-tubular defects observed this idea. These results point out that measurement of by He et al. in canine myocytes. New studies are needed to whole cell Ca current is insufficient to determine if the determine the relationship (if any) between these observatotal number of available Ca channels is altered in CHF. tions and to determine the nature of the Ca handling With respect to EC coupling, the relevant L-type Ca defects of myocytes with an aberrant distribution or channels are those at the junction of the T-tubules and the absence of T-tubules. In the future it will also be important SR because these are the ones that trigger SR Ca release. to prove that the aberrant T-tubular abundance also exists Future studies need to determine if the number of L-type in myocytes in the intact failing heart, thereby ruling out Ca and RYR channels co-localized to these junctional the possibility that aberrant T-tubule abundance results regions is altered in CHF (to reduce EC coupling effectivefrom damage to failing myocytes that can occur during ness or gain), or if the number of junctional contacts is their isolation.
reduced in CHF because of T-tubular dropout or some There are few quantitative studies of changes in Tother process. tubular density in diseased cardiac myocytes. An older study from Page's laboratory [10] quantified changes in T-tubules in hypertrophied rat myocytes using transmission 4. Does abnormal protein regulation cause defective electron microscopy. This study showed that T-tubular ECC? area increases in hypertrophy and the membrane surface area to volume ratio is maintained. There is good evidence One of the most exciting features of the study by He et for cellular hypertrophy in the canine tachycardia CHF al. is that the activity of individual L-type Ca channels model [11], however T-tubular density was not measured appears to be significantly and persistently altered in CHF. in this study. [21] who showed that there is 'hyperphosphorylation' of RYR in failing dog (and human) ventricular myocytes. These independent investigations support the hypothesis 3. Do changes in protein abundance cause that abnormal regulation of EC coupling proteins is likely dysfunctional ECC?
to be centrally involved in the contractile abnormalities of the failing heart. In future studies it will be interesting to Many studies have examined the idea that changes in the see if the well-known blunting of adrenergic responsiveabundance of Ca handling proteins underlies abnormal Ca ness in the failing heart [22] is not simply a signaling transients in CHF [13] . Changes in the abundance of Lproblem [23, 24] but also results from the fact that target and T-type Ca channels, RYR channels, SR Ca ATPase proteins are persistently phosphorylated. Hyperphos-(SERCa), phospholamban (PLB) and the sodium-calcium phorylation of molecules in the T-tubule SR junction exchanger (NCX) have been observed in animal models during the transition from compensated hypertrophy to and in failing human hearts [14] [15] [16] . Most of these studies CHF could also partially explain the experiments of support the idea that SR function is depressed in CHF and Gomez et al. [9] in which PKA activation rescued EC produces reduced SR Ca loading. However, there have also coupling defects in hypertrophied (compensated) but not in been a number of reports in which abnormal contractility failing rat myocytes. could not be related to changes in Ca handling protein Not all previous studies support the idea that there is abundance or activity [17] .
hyperphosphorylation of PKA target proteins in CHF. A The idea that reduction in the L-type Ca channel density few have found that PLB phosphorylation is reduced in is involved in dysfunctional contractility in CHF has been CHF [25, 26] . Directly contradicting the results of the examined in more than 20 studies [8, 18] proteins are involved in the dysfunctional Ca transients of 
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